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ABSTRACT
TWA 3A is the most recent addition to a small group of young binary systems that both actively
accrete from a circumbinary disk and have spectroscopic orbital solutions. As such, it provides a
unique opportunity to test binary accretion theory in a well-constrained setting. To examine TWA
3A’s time-variable accretion behavior, we have conducted a two-year, optical photometric monitoring
campaign, obtaining dense orbital phase coverage (∼20 observations per orbit) for ∼15 orbital periods.
From U -band measurements we derive the time-dependent binary mass accretion rate, finding bursts
of accretion near each periastron passage. On average, these enhanced accretion events evolve over
orbital phases 0.85 to 1.05, reaching their peak at periastron. The specific accretion rate increases
above the quiescent value by a factor of ∼4 on average but the peak can be as high as an order
of magnitude in a given orbit. The phase dependence and amplitude of TWA 3A accretion is in
good agreement with numerical simulations of binary accretion with similar orbital parameters. In
these simulations, periastron accretion bursts are fueled by periodic streams of material from the
circumbinary disk that are driven by the binary orbit. We find that TWA 3A’s average accretion
behavior is remarkably similar to DQ Tau, another T Tauri binary with similar orbital parameters,
but with significantly less variability from orbit to orbit. This is only the second clear case of orbital-
phase-dependent accretion in a T Tauri binary.
Subject headings: stars: individual (TWA 3A) — stars: formation — binaries: close — accretion,
accretion disks
1. INTRODUCTION
TWA 3, also known as Hen 3-600, is a pre-main-
sequence (pre-MS) star system composed of two spatially
resolved components: TWA 3A, a spectroscopic binary
hosting a circumbinary accretion disk, and TWA 3B, a
diskless tertiary at a separation of 1.′′5 (∼52.5 AU in pro-
jection; de la Reza et al. 1989; Jayawardhana et al. 1999;
Andrews et al. 2010; Kellogg et al. 2017). This multi-
star architecture offers a unique opportunity to investi-
gate the impact multiplicity has on the distribution and
evolution of circumstellar material during star formation.
In this Letter we focus on the spectroscopic binary, TWA
3A, monitoring its accretion behavior in order to charac-
terize accretion flows in the binary environment. Table 1
presents the relevant binary and disk characteristics for
TWA 3A.
Binary and higher-order multiple systems are observed
as a frequent outcome of star formation (Raghavan et al.
2010; Kraus et al. 2011). Our understanding of binary
population statistics has advanced with large-scale imag-
ing and spectroscopic surveys, yet the impact binarity
has on the star-disk interaction and planet formation
remains poorly understood. The ubiquity of binaries,
along with the growing number of planets found in, and
around, binary systems (Orosz et al. 2012; Kaib et al.
2013; Mugrauer et al. 2014), motivates a detailed char-
acterization of the binary-disk interaction.
Close binaries deviate most from the single-star
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paradigm where orbital dynamics are capable of sculpt-
ing the distribution and flows of disk material. For sys-
tems with semi-major axes less than ∼100 au, orbital
resonances are capable of dynamically clearing a region
of disk material around the binary, opening the possi-
bility for three stable disks: a circumstellar disk around
each star and an encompassing circumbinary disk (Arty-
mowicz & Lubow 1994). Theory predicts that rather
than completely damming the inflow of material from
the circumbinary disk, accretion will proceed in discrete,
periodic streams that form at the inner edge of the cir-
cumbinary disk. These streams cross the cleared gap
supplying mass to small circumstellar disks or accreting
directly onto the stars themselves (Artymowicz & Lubow
1996; Gu¨nther & Kley 2002; Mun˜oz & Lai 2016).
The frequency of these streams and their impact on
the stellar mass accretion rate are predicted to be highly
dependent on the binary orbital parameters. Focusing on
eccentric, equal-mass binaries, similar to TWA 3A, nu-
merical simulations predict that every apastron passage
(φ=0.5) will induce a stream of circumbinary material
that leads to an accretion event near periastron passage
(φ=0;1). These episodes are predicted to increase the
specific accretion rate by up to a factor of 10. This peri-
odic accretion behavior has been observed in the T Tauri
binary DQ Tau (Mathieu et al. 1997; Tofflemire et al.
2017).
The accretion streams predicted by the binary-disk
interaction are likely important astrophysical phenom-
ena at a variety of scales. From giant planet formation
spurring streams across disk gaps (Lubow & D’Angelo
2006) to accretion onto binary black holes (Bowen et al.
2017), the same physical processes are at play. Inter-
ferometry and adaptive optics techniques are beginning
to spatially resolve such structures in pre-MS systems
ar
X
iv
:1
70
6.
07
07
3v
1 
 [a
str
o-
ph
.SR
]  
21
 Ju
n 2
01
7
2 Tofflemire et al.
TABLE 1
TWA 3A System Characteristics
Parameter Value References
P (days) 34.87846± 0.00090 1
γ (km s−1) +10.17± 0.40 1
e 0.6280± 0.0060 1
Tperi (HJD-2,400,000) 52704.554± 0.063 1
a (R) 46.51± 0.49 1
q ≡M2/M1 0.841± 0.014 1
M1 (M) 0.6027± 0.0207 1
M2 (M) 0.5072± 0.0158 1
Periastron Separation (R) 17.30± 0.33 1
Apastron Separation (R) 75.72± 0.85 1
idisk (
◦) 36 2
Disk Mdust (M) 7× 10−6 2
vsini (km s−1) 20 3
d (pc) 30± 3 1,4a
AV 0.04± 0.3 5
References. — 1Kellogg et al. (2017; assuming
ibinary=idisk=36
◦), 2Andrews et al. (2010), 3Torres et al. (2003),
4Ducourant et al. (2014), 5This work
a Kinematic distance derived using the Ducourant et al. (2014)
position, proper motion, and convergent point with the Kellogg
et al. (2017) γ velocity.
(Beck et al. 2012; Casassus et al. 2013; Yang et al. 2017),
but they are unable to describe their temporal charac-
teristics. Accretion in short-period, pre-MS binaries of-
fers a unique regime to probe the dynamics of accretion
streams.
2. OBSERVATIONS & DATA REDUCTION
In order to characterize the accretion behavior of
TWA 3A, we have conducted a long-term, moderate-
cadence, optical photometric monitoring campaign us-
ing the Las Cumbres Observatory (LCO) and SMARTS
queue-scheduled facilities.
2.1. LCO 1m Network
The LCO 1m network comprises nine 1m telescopes
located across four global sites: Siding Springs Observa-
tory (Australia), SAAO (South Africa), CTIO (Chile),
and McDonald Observatory (USA). Spanning ∼12 TWA
3A orbital periods, our observations were made between
2014 May and 2016 April. Observing visits were sched-
uled 20 times per orbit while the target was visible (air-
mass < 2), corresponding to a cadence of 42 hr. Each
visit consisted of three images in the UBV R filters. All
data are reduced by the LCO pipeline applying bad-pixel,
bias, dark, and flat-field corrections. The three images
per filter per visit are than aligned, combined, and fit
with astrometric solutions using standard IRAF tasks.
2.2. SMARTS 1.3m
The SMARTS 1.3m telescope at CTIO is outfitted with
the ANDICAM detector. Our program requested every-
other-night visits of TWA 3A while it was visible (air-
mass < 2) between 2014 December and 2016 July. Each
visit consisted of three images in the B and V filters.
Data are reduced with the SMARTS pipeline, which ap-
plies bias and flat-field corrections. Each set of images
per visit are aligned, combined, and fit with an astro-
metric solution using standard IRAF tasks.
2.3. Photometry and Calibration
For each telescope (LCO; SMARTS) and filter set
(UBV R; BV ), SExtractor (Bertin & Arnouts 1996) is
used to perform automated source detection and pho-
tometry on each image producing time-series instrumen-
tal magnitudes. A source catalog for each data set is
then created from spatial matching of the astrometric
solutions. Due to poor seeing and/or telescope focus,
flux from TWA 3A and TWA 3B could not be consis-
tently separated. As such, SExtractor parameters were
optimized to photometer the entire TWA 3 system.
Each source catalog is then fed into an ensemble pho-
tometry routine following the Honeycutt (1992) formal-
ism. By selecting non-varying comparison stars inter-
actively, variations from airmass and nightly observing
conditions are corrected, resulting in relative-magnitude
light curves for each star in the field of view (FOV). We
note that this correction does not include color informa-
tion, which leaves some small systematic error, especially
in U -band where atmospheric corrections are most color
dependent.
Relative ensemble magnitudes are then transformed to
apparent magnitudes using non-varying stars in the LCO
FOV for which published empirical or derived photome-
try exists. Five such stars are present in the LCO FOV
(TYC 7213-797-1, 7213-391-1, 7213-1239-1, 7213-933-1,
7213-829-1). Their V magnitudes range from 11.18 to
11.57 and (B-V ) colors span 0.71 to 2.00. Using empiri-
cal measurements where available, we draw B and V val-
ues from the All-Sky Compiled Catalogue (Kharchenko
2001). For R-band, we use a colorless transformation
from the Carlsberg Meridian Catalog 15 (CMC15 Niels
Bohr Institute et al. 2014) r′ to R (R=r′−0.22±0.12) de-
rived from 3690 overlapping stars between CMC15 and
the Lowell Observatory Near-Earth Object Search (Skiff
2007). Without empirical U -band measurements avail-
able, we use the fitted apparent U -band magnitudes de-
rived by Pickles & Depagne (2010). From these five stars
we compute zero-point and color transformations that
are applied to the rest of the field. Systematic errors as-
sociated with this calibration procedure are determined
from the root-mean-squared deviation between the trans-
formed published values of the calibrating stars in color-
magnitude space. They are 0.18, 0.22, 0.25, and 0.07
mag for U , B, V , and R bands, respectively. (System-
atic errors are propagated through the mass accretion
rate derivation that follows and are presented in Figure
3.)
Not all five of the calibration stars in the LCO FOV are
present in the smaller 6′ FOV of the ANDICAM CCD.
To transform the SMARTS data to apparent magnitudes,
we bootstrap the apparent magnitudes derived for non-
varying stars in the LCO FOV that overlap with the
SMARTS FOV and use those to determine zero-point
and color transformations.
3. ANALYSIS
3.1. Light Curve Variability
Figure 1 presents the U -, B-, V -, and R-band light
curves for TWA 3 plotted against an arbitrary orbital
cycle number set to 1 for the first observed periastron
passage. In each panel, vertical dashed lines mark the
TWA 3A periastron passage and horizontal dotted lines
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Fig. 1.— TWA 3 UBV R light curves plotted against arbitrary orbital cycle number. The corresponding heliocentric Julian date (HJD)
is presented on the top y-axis. LCO and SMARTS data are represented as circles and triangles, respectively. Vertical dashed lines mark
periastron passages. Horizontal dashed lines mark the quiescent flux level.
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Fig. 2.— SMARTS B-band light curve of TWA 3A (circles)
and TWA 3B (triangles) from observations in which point-spread-
function photometry can separate the contribution from both com-
ponents. The TWA 3A quiescent magnitude is ∼0.38 mag brighter
than TWA 3B.
mark the quiescent value (average of orbital phases 0.2
to 0.4). Brightening events near periastron passages are
seen consistently, having the largest increase in U -band.
These events very closely match the accretion behavior
predicted for eccentric binaries.
To ensure variability observed in the TWA 3 system
is indeed from the disk-bearing binary and not the ter-
tiary, we perform point-spread-function photometry on
a subset of the SMARTS B-band images where the light
from each component can be reliably separated. Figure 2
displays the result where TWA 3A is the clear source of
variability. The standard deviation of these light curves
are 0.14 and 0.02 mag for TWA 3A and TWA 3B, re-
spectively. In the following, we assume all variability in
the TWA 3 system results from the spectroscopic binary.
Before assigning all optical variability to changes in the
TWA 3A accretion rate, we inspect our light curves for
contributions from stellar flares (magnetic reconnection
events at stellar surfaces). In high-cadence photometry
of DQ Tau, stellar flares with amplitudes greater than
∆U=0.32 mag were found to have a temporal contri-
bution of ∼3% (Tofflemire et al. 2017). Assuming the
same contribution in TWA 3A corresponds to six mea-
surements. In moderate-cadence photometry, however,
these events would likely go undetected having similar
amplitudes and colors as accretion variability. Only if a
measurement were to contain a large flare or a flare peak,
where the photometric color is typically bluer than ac-
cretion, would it stand out from the underlying accretion
variability (Kowalski et al. 2016).
One measurement in our light curves has a color, mag-
nitude, and temporal behavior that suggest it contains a
stellar flare. Occurring at orbital cycle ∼1.2 in Figure 1,
it is the brightest U -band measurement by 0.7 mag and
the bluest in (U -B) by 0.2 mag, well separated from both
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observed distributions. The associated flux would corre-
spond to a factor of ∼15 increase in the mass accretion
rate compared to other measurements at similar orbital
phases and a factor of two greater than the next highest
measurement. A measurement only 5 hr later, however,
falls securely within the remaining spread for that or-
bital phase. Accretion events of this scale are expected
to be rare and to evolve over much longer timescales (e.g.
Cody et al. 2014). And critically, the three U -band im-
ages combined in this measurement show a rapid ∼0.2
mag decline over ∼3 minutes. Given these character-
istics, we conclude this measurement contains a stellar
flare and remove it. In the following analysis, we assume
the remaining variability is due to changes in the TWA
3A accretion rate.
3.2. Mass Accretion Rate
Flux-calibrated U -band photometry can be used to de-
rive a mass accretion rate with knowledge of the distance
and extinction to the source, the photospheric U -band
flux in the absence of accretion, and the stellar mass and
radius. With values for the distance and stellar parame-
ters, we determine the extinction and photospheric prop-
erties following Herczeg & Hillenbrand (2014). First, we
fit a spatially resolved Keck LRIS spectrum of TWA 3A
(Herczeg et al. 2009) with a library of empirical weak-
lined T Tauri star (WTTS) spectra. The spectra are
fit with three free parameters: a flux normalization, an
additive accretion spectrum, and the extinction. Our re-
sults are consistent with those in Herczeg & Hillenbrand
(2014), namely, AV =0.04 (±0.30 mag) and a combined
TWA 3A spectral type of M4.1 (±0.3 subclasses). Sec-
ond, the best-fitting WTTS spectrum is convolved with
a U -band filter to determine the underlying photospheric
contribution of the binary.
Because our U -band measurements are for the entire
TWA 3 system, we use a spatially resolved Keck LRIS
spectrum of TWA 3B (Herczeg et al. 2009) to determine
its U -band contribution. Assuming a distance of 30 pc,
we extinction correct the U -band measurements and con-
vert them to U -band luminosities. Subtracting the con-
tribution from TWA 3B and the underlying TWA 3A
photosphere, we arrive at the TWA 3A U -band accretion
luminosity. Using the model-dependent, empirical rela-
tion derived in Gullbring et al. (1998), we calculate the
total accretion luminosity from the U -band as follows:
log(LAcc/L) = 1.09 log(LUexcess/L) + 0.98. (1)
For a single star, the mass accretion rate can be deter-
mined from the accretion luminosity with the following:
M˙ ' LAccR?
GM?
(
1− R?
Rin
)−1
, (2)
where Rin is the magnetospheric disk truncation radius
from which material free falls along magnetic field lines
(typically assumed to be 5R?; e.g. Johnstone et al. 2014).
Our measurements, however, are of the combined ac-
cretion luminosity from two stars with different masses
and radii. Without a theoretical consensus for which star
should predominantly receive the mass from circumbi-
nary accretion flows, we assume that each star accretes
at the same rate. The accretion luminosity emitted from
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Fig. 3.— Top: TWA 3A mass accretion rate and accretion lu-
minosity phase-folded about the orbital period. Black error bars
on the right correspond to the propagation of the systematic er-
ror of our photometric calibration. Because the systematic error
is relative, we present it for the quiescent and peak accretion rate
values. Bottom: Periodogram of the mass accretion rate mea-
surements. Significant power is found above the 99% false-alarm
probability (horizontal red line) consistent with the orbital period
(vertical dashed line).
the primary star alone, LAcc,1, becomes
LAcc,1 = LAcc,Total
(
1 + q
R?,1
R?,2
)−1
, (3)
where q is the mass ratio. The total mass accretion rate
for the binary is then
M˙ ' 2LAcc,1R?,1
GM?,1
(
1− R?,1
Rin
)−1
. (4)
For the stellar radii, we use the Dotter et al. (2008) stel-
lar evolution models to compute the average radii for
0.6 and 0.5 M stars between 5 and 10 Myr. They are
1.06 and 0.99 R, respectively. Rin is set to the canoni-
cal single-star value of 5R?. The derived accretion rates
range between 0.8×10−11 and 2.4×10−10 M yr−1, in
good agreement with previous measurements (Muzerolle
et al. 2000; Herczeg et al. 2009). Since the stars have
near equal masses, the choice to split the accretion rate
equally between the two corresponds to only a ±∼5%
difference from assigning all the accretion to one star.
The top panel of Figure 3 presents the mass accretion
rate phase-folded about the orbital period. The repeated
enhanced accretion events observed near periastron in-
crease the accretion rate by a factor of ∼3–10 from the
quiescent value.
3.3. Accretion Periodicity
To determine the significance of the periodic accre-
tion behavior, we perform a Lomb-Scargle periodogram
(Scargle 1982) on the accretion rate measurements. The
bottom panel of Figure 3 presents the power spectrum.
A significant peak is observed above the 99% false-alarm
probability with a period of 34.67±0.14 days, in good
agreement (1.5σ) with the binary orbital period. (Error
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Fig. 4.— Top: TWA 3A median accretion rate as a function of
orbital phase. Error bars represent the standard deviation within
each phase bin. Bottom: Comparison of the TWA 3A accretion
rate profile with DQ Tau (Tofflemire et al. 2017) and a numerical
simulation from Mun˜oz & Lai (2016) for a binary with similar
orbital parameters.
in the accretion rate period is derived from a 106 iteration
Monte Carlo bootstrap simulation using random sam-
pling with replacement of the M˙ and HJD measurement
pairs Press et al. 1992.) Additional higher-frequency
peaks occurring at two and three times the peak fre-
quency result from the varying and non-sinusoidal mor-
phology of the enhanced accretion events. The small
peak to the left of the primary does not remain signifi-
cant after filtering the data at the primary frequency.
3.4. Accretion Rate Profile
The morphology of enhanced accretion events contains
information on the interaction between the binary orbit
and the circumbinary mass flows. In order to compare
our observations with numerical simulations, we create
an average accretion rate profile as a function of orbital
phase. Breaking the orbital-phase-folded data into bins
of φ=0.05 (our sampling rate), we calculate the median
mass accretion rate for each bin and set the bin error as
its standard deviation. The result is presented in the top
panel of Figure 4 where, on average, the accretion rate is
elevated between orbital phases 0.85 and 1.05, reaching
a peak near periastron of ∼4 times the average quiescent
value.
In the bottom panel of Figure 4 we compare the TWA
3A accretion rate profile to a simulation of binary accre-
tion (Mun˜oz & Lai 2016) and to the DQ Tau accretion
rate profile (Tofflemire et al. 2017). Both have been nor-
malized to the TWA 3A average mass accretion rate. The
Mun˜oz & Lai (2016) simulation shown is a 2D hydrody-
namical model using the adaptive-mesh-refinement code
AREPO (Springel 2010) for an equal-mass binary with
an eccentricity of 0.5. Ten consecutive orbital periods of
the simulation were used to create the accretion profile.
4. DISCUSSION
Figures 3 and 4 provide conclusive evidence that ac-
cretion in TWA 3A is strongly influenced by the binary
orbit, leading to periodic accretion bursts near periastron
passage. This behavior is largely consistent with the pre-
diction of numerical simulations supporting the scenario
that periodic streams of mass are capable of carrying ma-
terial across a cleared gap to the central binary. Similar
behavior has only been this clearly observed in one other
binary, DQ Tau. The binary UZ Tau E (Jensen et al.
2007) and the protostar LRLL 54361 (Muzerolle et al.
2013, unknown period) are also intriguing sources that
have shown hints of phase-dependent accretion.
Direct comparisons to numerical simulations can begin
to constrain the dynamics of accretion streams. Despite
a notable phase offset, there is good agreement between
TWA 3A and the Mun˜oz & Lai (2016) model. Making
more in-depth comparisons, however, is not straightfor-
ward. The difficulty lies in the relevant hydrodynamic
and magnetic scales that effect stable circumstellar disk
material in short-period systems.
In high-resolution hydrodynamic simulations, each star
develops a stable circumstellar disk that collects and or-
ganizes incoming circumbinary stream material. Accre-
tion events in this case result from a combination of tidal
torques that each star induces on its companion’s disk
and the interaction of the circumbinary streams with the
circumstellar disks. Without magnetic fields, material
is accreted once it reaches the stellar surfaces. These
stable circumstellar disks have the effect of regularizing
accretion events from orbit-to-orbit.
In short-period systems, however, there is a close
match between the outer dynamical truncation radii of
circumstellar disks imposed by binary orbital resonances
and the inner magnetic truncation radii typically as-
sumed for single stars. If magnetic fields are capable
of disrupting or reducing the size of stable circumstellar
disks, there may be a direct interaction of stream mate-
rial with the stellar magnetosphere that is not captured
by current models.
We note that in lower-resolution simulations by
Gu¨nther & Kley (2002), each star develops a marginally
resolved circumstellar disk, yet their accretion rate pro-
file peaks directly at periastron, matching the observa-
tions of TWA 3A and DQ Tau. It is unclear whether
resolved circumstellar disks or different disk treatments
(viscosity, radiative cooling, viscous heating, etc.) are
responsible for these differences in the timing and am-
plitude of accretion events. Short of including magnetic
fields in three dimensions, a study varying the disk prop-
erties and inner accretion radii would provide a more
suitable comparison with the data presented here.
Finally, the TWA 3A and DQ Tau average accretion
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rate profiles are striking similar. Although they have
similar orbital parameters, DQ Tau exhibits much more
variability from orbit to orbit (compare Figure 3 to Fig-
ure 7 in Tofflemire et al. 2017). Yet, on average, their
profiles are very similar in shape and amplitude. Reg-
ularity in TWA 3A accretion events when compared to
DQ Tau, may be the result of a lower overall accretion
rate (∼10−2), or perhaps its larger semi-major axis per-
mits some amount of stable circumstellar disk material
that regularizes accretion events.
5. SUMMARY
With a long-term, densely sampled, optical photomet-
ric monitoring campaign, we have characterized the ac-
cretion behavior of the young binary TWA 3A. Here, we
summarize the main results of our work:
1. Spatially resolved photometry reveals that ac-
cretion variability from the spectroscopic binary,
TWA 3A, is the dominant source of optical vari-
ability in the combined light of the TWA 3 system.
2. From U -band observations we derive the TWA 3A
mass accretion rate as a function of time. Periodic
accretion events are observed near each periastron
passage. On average, the accretion rate is elevated
between orbital phases 0.85 to 1.05, reaching a peak
of ∼4 times the quiescent value.
3. The observed behavior is in good agreement with
numerical simulations, providing strong evidence
for periodic circumbinary accretion streams in
TWA 3A. This is only the second clear case of
orbital-phase-dependent accretion in a pre-MS bi-
nary.
4. These are some of the first data that can begin
to constrain the dynamical properties of accretion
flows. Comparisons with current models are lim-
ited, however, as they do not include the disruptive
effect magnetic fields have on stable circumstellar
disks.
5. The TWA 3A average accretion rate profile is re-
markably similar to that of DQ Tau (a shorter-
period system with similar mass ratio and eccen-
tricity; Tofflemire et al. 2017) despite DQ Tau’s
larger variability from orbit to orbit.
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